Introduction
Enabling legislation and funding for the BARCAS study was through HR 4593, the "Lincoln County Conservation, Recreation, and Development Act of 2004." The specific language in the bill that relates to the study directs the Secretary of Interior, acting through the United States Geological Survey and the Desert Research Institute, and a designee from the State of Utah to conduct a study to investigate ground water quantity, quality, and flow characteristics in the deep carbonate and alluvial aquifers of Lincoln and White Pine Counties, Nevada and adjacent areas in Utah. A draft report of this study is currently available (Welch and Bright, 2007) .
The Geophysical Unit of Menlo Park (GUMP) initiated a number of geophysical investigations within valleys encompassed by the BARCAS study where data were lacking. Surface geophysical techniques were applied to take advantage of characteristic density and magnetic properties of different rocks to provide insight into the subsurface geology and identify faults, subsurface structure, and the interconnectivity of adjacent basins. Geophysical results were summarized in a chapter of the BARCAS draft report (Sweetkind and others, 2007) , but detailed interpretations and the physical data are appearing in separate releases (e.g., Watt and Ponce, 2007) . This paper contains new gravity data from Newark Valley.
Geologic Setting
The main part of Newark Valley is bounded on the west by the Diamond Mountains, and Buck Mountain and other bedrock areas to the east (figure 1). At its southern end, Newark Valley is divided into two parts, separated by the Pancake Range. The area shown in figure 1, herein referred to as the study area, constitutes part of the Newark Valley ground-water system, one of thirty-nine regional flow systems of the Great Basin (Harrill and Prudic, 1998) . The Newark Valley system covers an area of ~3,760 km 2 (1,450 mi 2 ) and receives ~27 hectometers 3 (22,000 acre-feet) of recharge per year (Harrill and Prudic, 1998) .
The oldest rocks in the study area belong to the Lower Cambrian Prospect Mountain Quartzite exposed in the Diamond Mountains (Lehner and others, 1961; Hose and others, 1976) . Where not greatly faulted and fractured, these rocks form effective barriers to ground-water flow especially where they are in contact with younger carbonate rocks, and they may form the base of the carbonate-rock aquifer in areas where circulation extends throughout the entire stratigraphic thickness (Plume, 1996; Harrill and Prudic, 1998) . The carbonate-rock aquifer is a thick sequence of predominately carbonate formations overlying the quartzite and ranging in age from the Middle Cambrian to Lower Triassic (Hose and others, 1976; Plume, 1996) . The total stratigraphic thickness of the carbonate sequence in the study area is ~4,000 meters (Plume, 1996) .
Overlying the carbonate sequence in the study area is the Cretaceous Newark Canyon Formation (Lehner and others, 1961; Hose and others, 1976) , a sequence of continental deposits exposed mainly in the Diamond Mountains and, perhaps, in the Pancake Range (Hose and others, 1976) . Other rocks that we consider part of the preCenozoic basement in the study area are a series of shallow intrusive rocks (Hose and others, 1976; Stewart and Carlson, 1978) ranging from Jurassic to Tertiary in age. All, regardless of age, are grouped with the basement rocks because their density is similar to most of the pre-Cenozoic rocks and differs strongly from that of the later eruptive and basin-fill rocks. Intrusive igneous rocks typically are barriers to ground-water flow (Plume, 1996) except in areas where extensively fractured.
Major extensional faulting began throughout the region at about 17 Ma (McKee, 1971; Christiansen and McKee, 1978; Stewart, 1978) and formed the horst-graben terrain that is typical of the Basin and Range Province. Clastic material derived from adjacent mountain ranges began filling the basins, including semi-consolidated to unconsolidated sand, gravel, silt, clay, and local evaporites with some interbedded volcanic units in many areas. None of the oil and gas wells drilled in Newark Valley differentiate between the various basin-fill units, so whether volcanic rocks occur is unknown. Existing aeromagnetic data for the study area (e.g., Hildenbrand and Kucks, 1988; Watt and Ponce, 2007) are generally of poor quality and insufficient for resolving shallow magnetic sources. The sand and gravel deposits form a major, shallow aquifer in the region where they are not clogged by clay or zeolitic intergranular materials. These aquifers are commonly exploited because groundwater in the valleys typically is within a few meters or tens of meters below the ground surface and easily reached by wells. During Pleistocene time, ancient Lake Newark filled the main part of Newark Valley and the area west of the Pancake Range to a shoreline altitude of 1847 meters (Reheis, 1999 )-more than 70 meters above the current lake levels (figure 2).
Procedures
Gravity data were obtained using LaCoste and Romberg meters (G17C and G8N) and observed gravity values were referenced to the base station at the Ely, Nevada airport (ELYA), at 39°17.59'N, -114°50.52'W. This station is tied to the International Gravity Standardization Net 1971 (ISGN 71) gravity datum (Morelli, 1974) and has an observed gravity value of 979,480.08 mGal. Locations of gravity stations were determined with a differential Global Positioning Satellite (GPS) system using differential corrections provided by Continually Operated Reference Station (CORS) satellites. Locations after post-acquisition processing are accurate to within 1 meter, both horizontally and vertically.
Gravity Data
Seventy new gravity stations were established in the area of Newark Valley during 2005 and 2006 (figure 3b) . Observed gravity at each station was adjusted by assuming a time-dependent linear drift between readings of a base station at the start and finish of each daily survey. This adjustment compensates for drift in the instrument's spring. Observed gravity values are considered accurate to about 0.05 mGal based on repeat measurements over several mountain calibration loops (Barnes and others, 1969; Ponce and Oliver, 1981) . Gravity data were reduced using standard gravity corrections (Blakely, 1995) and a reduction density of 2670 kg/m 3 . Field terrain corrections (zones A and B of Hayford and Bowie, 1912) were carried out to 68 m using templates and charts (e.g., Plouff, 2000) . Inner-zone terrain corrections for zones C and D (Hayford and Bowie, 1912) , which are necessary to account for variations in topography near a gravity station, were obtained to a radial distance of 2 km using digitized topography in a digital elevation model (DEM) (D. Plouff, USGS, written communication, 2006) . Outer terrain corrections, from 2 km to 167 km, are also calculated using digitized topography and a procedure by Plouff (1977) . The resulting gravity anomaly is termed the complete Bouguer anomaly.
A regional isostatic field was calculated using an Airy-Heiskanen (Heiskanen and Vening Meinesz, 1958 ) model for local compensation of topographic loads (Jachens and Roberts, 1981; Simpson and others, 1986) . This model assumes a crustal thickness of 25 km, a crustal density of 2670 kg/m 3 , and a 400 kg/m 3 density contrast between the crust and mantle. This regional isostatic field was subtracted from the complete Bouguer anomaly, thus removing long-wavelength variations in the gravity field that are inversely related to topography. The resulting isostatic residual gravity anomaly, therefore, is a reflection of local density distributions within the middle to upper crust. Gravity data obtained during the course of this study, and their associated parameters, are given in table 1 and are available via download as an Excel spreadsheet.
Because prior gravity data (figure 3a) for the study area were made by many different observers at different times (see compilation of Ponce, 1997) , we examined the dataset to remove duplicate and inconsistent entries. In order to reduce edge effects in the grids we will produce, the area examined is larger than the study area (figure 1) and extends from latitude 39°0' to 40°20' and from -115°10' to -116°10'.
After removing duplicate entries, we then compared reported station elevations with elevations interpolated from 10-and 30-meter DEMs using a procedure by D. Plouff (USGS, written communication, 2005) . We flagged differences greater than 24 meters as indicating possible errors in station location or elevation, and each station identified was examined individually to confirm the discrepancy. Some of these errors occurred because of imprecise locations (i.e., lack of significant digits in published reports) and could be corrected with a high degree of confidence. Where the source of the discrepancy could not be determined and corrected (22 stations total), that station was omitted from the dataset. Observations from the revised dataset were then gridded at a spacing of 0.5 km using the minimum curvature algorithm of Webring (1981) , and the resulting isostatic residual gravity field ( fig. 4b ) is considered reliable for subsequent analyses.
Gravity Inversion
To first order, the isostatic residual gravity field ( fig. 4) reflects the pronounced contrast between dense (~2670 kg/m3) pre-Cenozoic basement rocks and the significantly less dense (generally < 2500 kg/m3) overlying volcanic and sedimentary basin-fill. Because of this relationship, the gravity inversion method (Jachens and Moring, 1990) can be used to separate the isostatic residual anomaly into pre-Cenozoic "basement" and Cenozoic "basin" fields, thus allowing an estimate of thickness of Cenozoic alluvial fill within the area. The accuracy of thickness estimates derived by the gravity inversion technique is dependent on the assumed density-depth relation of the Cenozoic rocks, and on the initial density assigned to the basement rocks. Density of basement rocks is generally assumed to be 2670 kg/m3 and this value is considered appropriate in this area where major exposures consist of late Precambrian through late Paleozoic marine carbonate and quartzose sedimentary rocks.
The density of basin-filling deposits generally increases with the degree of compaction and consolidation, and thus usually correlates with depth of burial, as well as with other factors such as increasing water content. The density-versus-depth relationship we use is given in table 2 and is the same used by Jachens and Moring (1990) to separate the isostatic residual anomaly into basement and basin fields. This density-depth distribution also is the same as used by Saltus and Jachens (1995) for their basin-depth map of the Basin and Range Province and similar to those shown to be widely applicable to other volcanic basin-fill deposits throughout Nevada (Blakely and others, 1998, 2000; Mankinen and others, 2003) .
In the inversion process, the density of basement is allowed to vary horizontally but the density of basin-filling deposits is fixed using the density-depth distribution (table 2) . In this iterative approach, a first approximation of the basement gravity field is derived from those gravity measurements made on exposed pre-Cenozoic rocks. A modified version of the inversion method used here (B.A. Chuchel, unpublished data, 2005) allows basement gravity values to be approximated by correcting the isostatic gravity anomaly at sites where depth to basement is known from deep boreholes (Garside and others, 1988; Hess, 2004) . Information on oil and gas wells for Nevada is available on-line at http://www.nbmg.unr.edu/lists/oil/oil.htm. Wells providing constraints in the Newark Valley region are shown in figure 5 . This basement gravity field ignores the gravity effects of nearby basins and is subtracted from the observed gravity, which provides the first approximation of the basin gravity field. Again using the selected density-depth relation, the thickness of the basin-filling deposits is calculated. The gravitational effect of this first approximation of the basin-filling layer is computed at each known basement station. This effect is, in turn, subtracted from the first approximation of the basement gravity field, and the process is repeated until successive iterations produce no substantial changes in the basement gravity field. Results of the inversion, shown in figure 6 , were gridded at a spacing of 2.0 km using a minimum curvature algorithm Webring (1981) .
Conclusions
New gravity data collected during the course of this study allows a much improved definition of the Newark Valley basin. A comparison of the gravity anomaly field before and after the current study (figure 4) shows that the low-density, basin-fill is much more continuous through the main part of Newark Valley and into Huntington Valley than previously known. The main part of Newark Valley is separated from the area southwest of the Pancake Range by a bedrock sill near Pancake summit (figure 7). Another bedrock sill separates Newark Valley from Huntington Valley near the topographic rise between the two valleys. Two oil and gas wells in this vicinity (figure 4) encountered bedrock at depths of 150 and 330 meters below the surface. Thickness of fill throughout much of Newark Valley is generally between 1 and 2 km (figure 7), with a maximum approaching 4 km in limited areas. It is possible, however, that the apparent rise in the basement surface near the center of the valley may not be as pronounced as shown because there is a lack of gravity observations due to present-day Newark Lake. 
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